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Abstract. NADH dependent transamination was recorded for the first time in 
silkworm Bombyx mori (L.) eggs and in larval tissues. ~-Glutamine:2-oxoglutarate 
amino transferase (GOGAT) and ~-asparagine:2-oxoglutarate amino transferase 
(AOGAT) were determined in embryonic and also in larval tissues of multi- 
and bivoltine races. The presence of these two enzymes coupled to glutamine 
synthetase indicated efficient utilization of metabolic ammonia hitherto unknown 
in higher organisms. It is proposed that these transfer enzymes help in building 
the free amino acid pool seen during the diapause and also in the fibroin synthesis 
in the last larval stadium. 
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Introduction 
Pyridoxal phosphate dependent transamination i s  ubiqui- 
tous in nature, especially in animal tissues. In addition, 
NADH/NADPH dependent transamination occurs in 
prokaryotes and is also reported in silkworm (Seshachalam 
et al., 1984). Studies on transfer enzymes, particularly 
those containing glutamic acid, aspartic acid, alanine and 
their corresponding a-ketoacids, have received wide atten- 
tion in silkworms (Bheemeswar, 1955; Fukuda & Hayashi, 
1958; Koide et al., 1955; Osanai, 1984; Seshachalam et al., 
1985; Sonobe & Okada, 1984). Though silk gland was the 
target tissue for such studies, many other tissues were 
also considered. Glutamine and asparagine along with 
aspartate and glutamate have been shown to supply the 
carbon and nitrogen skeleton for the synthesis of alanine, 
glycine and serine in silk gland (Prudhomme & Couble, 
1979), whereas silk glands mostly use asparagine for the 
synthesis of alanine through transamination (Koide et a/. , 
1955). However, no attempts were made to study the 
transamination reaction of these two amides with different 
coenzymes. The absence of GLDH in the fat body of 
silkworm larvae and lesser levels in eggs and silk gland 
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and also the absence of glutaminase prompted a search 
for the effective use of ammonia for the glutamate for- 
mation. An attempt was made to probe for ~-glutamine:2- 
oxoglutarate amino transferase (GOGAT). Apart from 
glutamine as an arnide donor for the reductive amination 
of 2-oxoglutarate, it was found that asparagine also can act 
as an amide donor and hence ~-asparagine:2-oxoglutarate 
amino transferase (AOGAT) activity pattern was also 
studied in different larval tissues and during embryonic 
development. During this study, three amino compounds 
were tried as donors of an amide group to 2-oxoglutarate 
for the formation of glutamate. 
Materials and Methods 
Bivoltine (NBu) and multivoltine (pure Mysore) races 
of the silkworm Bombyx mori L. were maintained under 
standard conditions (25 * 2°C and 15% r.h.) on mulberry 
leaf of M5 variety. Eggs laid on polythene sheets were kept 
at 25 & 2°C with relative humidity at 80%. For breaking 
diapause, 20-h-old eggs were treated with HCI (specific 
gravity 1.075) at 46"C, for 3-4min, washed thoroughly in 
running water, and incubated at 25 & 2°C. In an artificial 
chilling process, the diapause eggs were chilled according 
to Ullal & Narasimhanna (1981) by gradually transferring 
them to 15°C (for 5 days), 10°C (for 4 days), 5°C (for 60 
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days) and finally to 2.5”C (for 50 days). They were brought 
back by keeping them at 15°C for 2 days before incubating 
them at  25 +- 2°C. A 15% ( w h )  homogenate of eggs and 
10% (wiv) of fat body, midgut and silk glands were pre- 
pared in cold distilled water using Potter-Elvehjem homo- 
genizer. The homogenates were centrifuged at  3000g at 
0°C for 10min and the infranatant was used as the enzyme 
source. ~-glutamine:2-oxoglutarate amino transferase 
(GOGAT) activity was determined by incubating the 
enzyme with substrate for 30min and the reaction was 
terminated by addition of 0.02% dinitrophenyl hydrazine. 
The 2-oxoglutarate utilized was measured colorimetrically 
at 390nm in a spectrophotometer. The reaction mixture 
contained 47.85 mM of phosphate buffer p H  7.2, 7 1 . 4 m ~  
of L-glutamine, 0.357 mM of 2-oxoglutarate and 0.4 mM of 
N A D H  (disodium salt). To check for the transamination 
reaction, a control was run in which N A D H  was added at 
the end of incubation. We failed to observe the trans- 
amination activity in the absence of NADH. ~-Asparagme:2- 
oxoglutarate amino transferase (AOGAT) activity was 
determined with reaction mixture as mentioned above, 
contained 17.85 mM of L-asparagine instead of glutamine. 
In  the absence of N A D H ,  a significant reduction in trans- 
aminase activity was observed. Urea (0.3 M) was also tried 
as a possible amide donor, but there was no activity. 
Protein content was determined according to the method of 
Lowry ef al. (1951) using bovine serum albumin standards. 
Results 
NADH dependent amino transferases during the embryonic 
period 
In non-diapause eggs there was an initial decrease in 
G O G A T  activity from Oh stage of development to  2411 
stage and of the two peaks of activity that were observed 
(Fig. 1) the second peak was observed in the ‘blue egg’ 
stage. This was also the maximum level of GOGAT ac- 
tivity recorded in the development of non-diapause eggs. 
In  diapause eggs an initial fall of activity a t  24h  was ob- 
served; however, these eggs maintained a very high level 
of GOGAT activity in the later days. This is in contrast to  
chilled eggs, in which enzyme activity was undetectable 
for the most part of development. Because of shortage OF 
chilled eggs, the assays were not conducted ata192h and 
the material thus saved was used for the  determination of 
enzyme activity a t  216 h. 
In the early development of acid-treated eggs, the 
G O G A T  activity was maximal a t  72 h ,  but decreased to 
undetectable level at 144- 168 h of development. The  
second peak of activity on acid-treatment was noticed at 
the ‘blue egg’ stage, a trend that was observed also in non- 
diapause eggs (Fig. 1). 
In comparison with G O G A T  activity, the AOGAT 
activity was higher in all the four types of eggs studied. In 
non-diapause eggs, the A O G A T  activity was significantly 
0 Acid treated eggs 
0 Diapausing eggs 
0 Nan - diapausing eggs 
Hours of development 
Fig. 1. ~-Glutamine:2-oxoglutarate amino transferase activity in developing eggs of 5.mori. Values arc thc mcan +SD ( n  = 6). 
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on day 40. Chilled eggs, unlike others, exhibited a dramatic 
fall in the activity of AOGAT within 24 h of development. 
However, at 48 h the activity increased considerably but 
higher than other types of the eggs in early stages of de- 
velopment (Fig. 2). In  diapause eggs the enzyme levels 
fluctuated during the observed period with a'peak activity 
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Fig. 2. ~-Asparagine:2-oxoglutarate amino transferase activity in the developing eggs of B.rnori. Values are the mean kSD ( n  = 6). 
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Fig. 3. ~-Glutamine:2-oxoglutarate amino transferase activity in tissues of growing fifth instar larvae of bivoltine and multivoltine races. 
Values are the mean t_SD ( n  = 6). 
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Fig. 4. L-Asparagine:2-oxoglutarate amino transferase activity in tissues of growing fifth instar larvae of both races. Values are the mean 
?SD ( n  = 6) 
the level was less than those of other types of eggs at the 
same period of development. The highest level of A O G A T  
in the chilled eggs was recorded on  the day of emergence. 
Acid-treatment increased A O G A T  activity from 0 to 48 h 
of development, then decreased to reach almost a steady 
state in the last days of development (Fig. 2). 
IVADH dependent amino transferases during the 
development of fifth instar larvae 
In bivoltine larvae the G O G A T  activity increased sig- 
nificantly in silk gland and fat body from day 2 to  the day 
of spinning (Fig. 3), whereas in midgut the activity was 
higher on days 2 and 4 than on any other days of the last 
stadium. In multivoltine forms, the enzyme activity did 
not show any increasing trend up to  day 6 in the silk glands, 
and in fat body the activity remained similar throughout 
the stadium. Except for the sixth day, the midgut of multi- 
voltine larvae showed a low profile of activity (Fig. 3). The  
specific activity of A O G A T  of silk gland and midgut 
tissues were greater than G O G A T ,  perhaps indicating a 
greater significance of the enzyme in supplying acidic 
amino acids (Fig. 3 ) .  In bivoltine larvae the silk gland and 
midgut exhibited a steady and a low profile of activity of 
A O G A T  for the entire last larval stadium. The fat body in 
these l a n a e  showed the highest A O G A T  activity of all 
tissues studied, especially in the early days. In multivoltine 
larvae A O G A T  in silk glands showed higher activity than 
bivoltine larvae, but the activity gradually reduced and on 
day 6 it approached the level of that in bivoltine larvae. 
This enzyme activity in midgut was very low on  the day of 
spinning, whereas in fat body it maintained at  a steady t o  
level up  to  day 2. Like bivoltine larvae, the fat body of 
multivoltine larvae showed a high activity on day 4. 
Table 1 shows the ratio between glutamine synthetase 
and G O G A T  activities during the development of silk- 
worm eggs. The utilization of metabolic ammonia as 
indicated by A L A T / G O G A T  and GYGOGAT ratios 
is shown in Fig. 5; the non-diapause eggs have lowest 
Table 1. Glutamine synthetase/~-glutamine:2-oxoglutarate amino 
transferase ratios in the developing eggs of silkworm B.mori. 
Time after 
oviposi tion Acid- 
(h) Non-diapause Diapause Chilled treated 
0 
24 
48 
72 
96 
120 
144 
168 
192 
216 
0.00 
1.94 
1.02 
4.72 
5.12 
6.57 
0.00 
2.60 
1.76 
- 
1.34 
4.22 
1 .oo 
12.63 
1.22 
0.92 
0.89 
0.71 
0.46 
0.46 
0.00 1.34 
0.00 1.31 
0.00 1.30 
0.00 0.59 
0.00 1.05 
4.80 6.07 
0.00 0.00 
0.00 0.00 
- 2.00 
4.90 30.37 
160 
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Diapausing 
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o 24 48 72 96 720 144 168 192 210 
Hours of Development 
Fig. 5. (a) The ratio of ALATlGOGAT in developing eggs of 
B.rnori. (b) The ratio of AATlAOGAT in developing eggs 
of B.mori. (ALAT and AAT activity levels are taken from 
Seshachalam et al . ,  1985). 
efficiency, and it is slightly better on acid treatment. 
Whereas the diapause eggs show efficient utilization of 
metabolic ammonia for the synthesis of amino acids. 
During the first half of development, acid-treated eggs 
exhibited efficient utilization of ammonia for the synthesis 
of glutamic acid; however, it falls to zero level by 144 h. In 
diapause eggs, on entering into diapause an increased 
synthesis of amino acids was observed. AOGAT may 
also be involved in utilization of metabolic ammonia. 
AOGAT activity results in the formation of aspartic 
acid and glutamic acid. The aspartic acid as observed in 
chromatogram of AOGAT transmination reaction yielded 
glutamic acid (Fig. 6). 
Discussion 
The total FAA level increases from 48 h of development 
in diapause eggs and the amino group may come from 
Fig. 6. Chromatogram of the reactants and products of AOGAT 
assay: Asp, L-aspartic acid standard; Asn, L-asparagine standard; 
Glu, L-glutamic acid standard. S1: sample set 1, incubation mixture: 
enzyme L-asparagine, 2-oxoglutarate and NADH. Spots of as- 
paragine and glutamic acid are shown. C1: control set 1, incubation 
mixture: enzyme, L-asparagine, 2-oxoglutarate. NADH was 
added at the end of incubation. Spot of asparagine is shown. S2: 
sample set 2, incubation mixture: enzyme, L-aspartic acid and 2- 
oxogluitarate. Spots of aspartic acid and glutamic acid are shown. 
This was carried out to show the presence of active AAT. C2: 
control set 2, incubation mixture: enzyme and L-aspartic acid. 2- 
Oxoglutarate was added at the end of incubation. A spot of only 
aspartic acid is seen. 
protein bound glutamine (Suzuki et al., 1984). In the 
present study, from 96h onwards the conservation of 
ammonia and synthesis of amino acids became greater. 
The GOGAT activity may be coupled to keto acid formed 
during carbohydrate metabolism. A metabolic pathway 
coupled with carbohydrate and amino acid metabolism 
inclusive of the 2-oxoglutarate-glutamate shuttle has been 
claimed in diapause silkworm eggs (Osanai & Yonezawa, 
1986). Suzuki et al. (1984) presumed that amino acid 
carbon might be derived from glucose metabolism. The 
high level of GOGAT activity in diapause eggs may be 
contributing to the increase in FAA and it is also interesting 
to note that this enzyme activity was found to be high in 
40-day-old diapause eggs. The formation of glutamic acid 
from aspartic acid which is produced from AOGAT ac- 
tivity, is through the normal transamination process. 
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Fig. 7. Proposed pathway of amino acid metabolism in silkworm B.mori. Step I: catalysed by glutamine synthetase and asparagine syn-- 
thetase. Step 11: catalysed by NADH dependent ~-glutamine:2-oxoglutarate amino transferase and L-asparagine:2-oxoglutarate amino 
transferase. Step 111: catalysed by pyridoxal phosphate dependent transaminase. 
Thus, for one molecule of asparagine, two molecules 
of glutamic acid are formed. Diapause egg shows a low 
AAT/AOGAT ratios thereby indicating the utilization of 
asparagine for the synthesis of amino acids. In both acid- 
treated and non-diapause eggs, the AOGAT may be 
coupled with AAT to form glutamate which is further 
transaminated or incorporated into tissue proteins. In 
non-diapause eggs this ratio is lower than in acid-treated 
eggs, indicating greater utilization of asparagine. L-Gluta- 
mine:2-oxoglutarate aminotransferase (GOGAT) has 
been variously named and the IUBC on enzymes suggested 
the name L-g1utamate:NADP oxidoreductase (Tempest et 
nl. ,  1970). In the present study only NADH was used as 
the coenzyme and also the GOGAT can be named as 
L-g1utamate:NAD oxidoreductase. It is not clear whether 
the silkworm has symbiotic bacteria that could be respon- 
sible for the production of these enzymes. 
The silk gland of bivoltine larvae in the last stadium 
shows a gradual increase in the GOGAT activity. This 
may be essential for the production of free glutamate, 
because the glutamate along with phenylalanine, histidine 
and aspartate forms a major component of total free 
amino acids in the posterior silk gland (Fournier, 1979). 
As the silk fihroin of B.mori is composed of large and 
small subunits in the ratio of 1:l (Shimura, 1983) and the 
smaller subunits has aspartic and glutamic acids in great 
amounts (Shimura, 1983), both the AOGAT and GOGAT 
of silk gland may supply these two amino acids for small 
units of the fibroin molecule. In multivoltine larvae the 
silk gland is not efficient in utilizing glutamate for silk 
synthesis. Even the low ALAT/GOGAT support this 
view. This may be a reason for the poor fibroin content in 
multivoltine cocoons. 
Silkworm fat bodies are the sites of synthesis of blood 
proteins (Shigematsu, 1958) and these proteins are rich in 
asparatate and glutamate (Klunova et a!., 1980). During 
the spinning stage these proteins %,ill be channelled to the 
silk gland. Storage proteins are also secreted by the fat 
body and they reach maximum levels at the time of spinning 
(Tojo ef a( .  . 1980). The greater GOGAT activity in the fat 
body of bivoltine than multivoltine larvae suggests a role 
of GOGAT and AOGAT in the synthesis of the above 
proteins. The midgut GOGAT of both races shows a 
lower activity, and the AOGAT in this tissue is slightly 
higher in bivoltine forms. The role of midgut in protein 
metabolism is poorly understood, but it has been shown to 
synthesize some haemolymph proteins (Tojo et al., 1980). 
A fall in 2-oxolutarate in the haemolymph of bivoltine 
larvae during the last larval stadium has been reported by 
Kuroda (1979). This could be related to utilization of 2- 
oxoglutarate by AOGAT and GOGAT for the synthesis 
of aspartate and glutamate. It is interesting to note that 
the glutamine synthetase activity in the fat body increases 
rapidly towards the end of the final stadium (Seshachalam 
et al., 1992). However, the level of glutamine is maintained 
at a low level in the haemolymph of silkworms. This indi- 
cates that glutamine may be used for the synthesis of 
amino acids and porteins via the GOGAT pathway. Osanai 
& Yonezawa (1986) suggested the production of alanine 
and 2-oxoglutarate when equimplar amounts of pyru- 
vate and glutamate are supplied, and also a portion of 2 -  
oxoglutarate may be recycled to glutamate by glutamate 
dehydrogenase. Since the GLDH is absent in the fat body 
of the silkworm of B.mori, the present concept of in- 
volvement of GOGAT and AOGAT seems to be more 
appropriate (Fig. 7). The glutamine and asparagine path- 
ways are driven by ATP and are irreversible and the net 
effect is an increased synthesis of amino acids. 
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